Section 1. Experimental Detail
Chemicals: Ni(NO3)2· 6H2O (99%), Fe(NO3)3· 9H2O (99%), NaNO3 (>98%), NaOH (>98%), RuCl3· 3H2O (99%), Formamide (99%), NH4F (>98%), urea (99%) and all used solvents (analytical grade) were obtained from Energy Chemical and were used directly without any further purification.
Characterization: High resolution transmission electron microscopy (HRTEM) images were collected on a JEOL JEM-2010 electron microscope. High-angle annular dark-file scanning trans-mission electron microscopy (HAADF-STEM) images were collected on JEOL JEM-ARM200F microscope incorporated with a spherical aberration correction system for STEM.
Energy-dispersive X-ray spectroscopy (EDS) mapping was performed using a 100 mm 2 Simultaneously, under magnetic stirring a solution of 0.25 M NaOH was added dropwise to maintain the system at a pH value of ca. 10 at 80 °C. The reaction was completed within 10 min. The precipitates were collected by centrifugation, washed with water and ethanol for more than 3 times. The prepared catalysts were denoted as Ru1/mono-NiFe-x (x = 0.3, 1.6, 3.8, 
Computational details:
The primitive model for NiFe-LDH was built with the space group of p 3 m1, indicating that ɑ In present work, the density functional theory (DFT) calculations were performed using a plane wave implementation 4 with the CASTEP (Accelrys Software Inc., San Diego, CA).
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The exchange and correlation were described with the Perdew-Burke-Ernzerhof (PBE) functional in generalized gradient approximation (GGA). 6 Spin-polarized DFT + U theory was applied for the transition metals (Ni, Fe, and Ru here). 10 respectively. The ionic cores were described with the ultrasoft pseudopotentials to improve transferability and reduce the number of plane waves required in the expansion of Kohn-Sham orbitals. 11, 12 The potential energy surface was searched using the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm. 13 The cutoff energy was set to be 380 eV. 14 The structure optimization was based on the following three points: (a) an energy tolerance of 2 × 10 5 eV/atom, (b) a force tolerance of 0.05 eV/Å, and (c) a displacement tolerance of 2 × 10 3 Å. (1)
The isosurfaces of mono-NiFe and Ru1/mono-NiFe are analyzed with the value of 0.004 eÅ 3 .
The bond energy of Ru-O bond is calculated with eq 4:
where ERu1/mono-NiFe, Emono-NiFe, and ERu is the energy of Ru1/mono-NiFe, mono-NiFe, and Ru, respectively.
During the calculating of density of states for bulk-NiFe, mono-NiFe, and Ru1/mono-NiFe, The asterisk (*) represents the reaction surface of these calculated LDHs. "*N2H4", "N2H3", "N2H2", "N2H", and "*N2" denote the models with the corresponding chemisorbed species residing in the LDHs surfaces. Among these six elementary steps, steps (A) and (F) are the adsorption of N2H4 and desorption of N2, respectively. The other four elementary steps involve the generation of one proton and one electron. Then, using the computational hydrogen electrode (pH = 0, p = 1 atm, T = 298 K), 17 the Gibbs free energy of H  + e  was replaced implicitly with the Gibbs free energy of one-half a H2 molecule. Thus the reaction Gibbs free energies can be calculated with eqs 5-10:
The Gibbs free energies of all reactants and products were garnered by calculating the vibrational frequencies of that molecule or intermediate. and fitting result through model 2 and model 3.
As shown in Figure S6B , two intensity maxima at ~5.5 Å 1 and ~7.5 Å 1 in wavelet transform EXAFS (WT-EXAFS) can be assigned to the first Fe-O and the second Fe-Ni shell, respectively. For the Ru1/mono-NiFe-0.3 and the Ru1/mono-NiFe-1.6, there is only one clear intensity maxima at ~5 Å -1 (Figure S6C, S6D) , corresponding to the Ru-O coordination.
Besides, as shown in the Fe K-edge Fourier transform EXAFS (FT-EXAFS) oscillation
spectra of mono-NiFe (black line) in Figure S6E , the first peak at ~1.5 Å corresponding to the Very recently, some researchers reported that the surface defects can act as functional sites to stabilize single atoms. [19] [20] [21] In our work, the coordination number of both Ni-O and Fe-O in mono-NiFe is less than 6.0, indicating the existence of oxygen vacancies on the surface of monolayer LDH (Figure S9A, B) . if single Ru atoms are located up to the oxygen vacancies of monolayer LDH ( Figure S9C, E) , the Ru-Ni/Ru-Fe bond will be formed through single Ru atom coordination with Ni/Fe atom. If single Ru atoms are located down to the oxygen vacancies of monolayer LDH ( Figure S9D, F) , the coordination environment is very close to the Model 2 in Figure S5C , in which the second shell of single Ru atoms coordination will include two Ru-Ni bonds and one Ru-Fe bond. The above two situations do not match with the XAFS data. As such, we can draw the conclusion the above two models are very unlikely. Figure S22 . As shown in Figure S24A , the Ru K-edge absorption positions of the Ru1/mono-NiFe-7.0, Ru1/mono-NiFe-3.8 and Ru1/mono-NiFe-1.6, is nearly the same, smaller than RuO2, indicating the +3 oxidation state of Ru. In Figure S24B , the EXAFS k 2 χ functions for Ru1/mono-NiFe-7.0, Ru1/mono-NiFe-3.8 and Ru1/mono-NiFe-1.6 quite different from those of Ru foil and RuO2, with extended periods and a reduction in the oscillation amplitudes, assigned to the different coordination environment of the Ru atoms. It is believed that single Ru atoms is successfully loaded upon the mono-NiFe. We use the hydrothromal method to synthesize the Ru loaded LDH (Support information, experiment section). The Ru loading amount is 0.6 wt% through ICP-AES analysis (denoted as Ru1/urea-NiFe-0.6). As shown in Figure S26A , the XRD data shows the typical (00l) basal reflection indexed to a characteristic feature of layered structure and there are no any diffractions of Ru species. The SEM images show the size of Ru1/urea-NiFe-0.6 ( Figure   S26B ) is 1 ~ 2 μm with the thickness of 40 ~ 50 nm. From XAFS result (Figure S26C ), the Ru atoms on the Ru1/urea-NiFe-0.6 is located on the surface of LDH and single atomically dispersed. Based on the above result, there is no obvious connection between the synthesis method and the Ru location on LDH in this case.
